Factor that binds to the inducer of short transcripts of the human immunodeficiency virus-1 (FBI-1) represents as a crucial gene regulator in colorectal cancer; however, the correlation between FBI-1 and preoperative radiotherapy (RT) in rectal cancer (RC) has not yet been reported. The aim was to detect FBI-1 expression in patients with RC with or without RT, by immunohistochemistry and quantitative polymerase chain reaction, and to analyze its association with clinicopathological features and response to RT. The results from immunohistochemistry analysis (n=139) and reverse transcription-quantitative polymerase chain reaction (n=55) demonstrated that FBI-1 was overexpressed in patients with RC, whether they had received preoperative RT or not. Subsequently, the association between FBI-1 expression, and the clinicopathological features and response to RT in patients with RC was analyzed. Cytoplasmic FBI-1 was upregulated in non-RT (n=77) and RT (n=62) groups (17.7 vs. 74.0%, P<0.001; 41.1 vs. 69.4%, P= 0.002, respectively) of patients with RC compared with normal mucosa. However, nuclear FBI-1 was downregulated (75.8 vs. 22.1%, P<0.001; 83.9 vs. 35.5%, P<0.001, respectively) in both groups. RT had no significant effect on FBI-1 expression in RC tissues. Furthermore, nuclear FBI-1 was positively associated with tumor-node-metastasis stage and distant recurrence (P= 0.003 and P= 0.010, respectively). In patients with stage I, II or III RC, higher nuclear FBI-1 expression was associated with poorer disease-free survival [hazard ratio (HR)=1.934, 95% confidence interval (CI): 1.055-3.579, P=0.033] and overall survival (HR=2.174, 95% CI: 1.102-4.290, P= 0.025), independently of sex, age, growth pattern, differentiation and RT. In addition, FBI-1 was positively correlated with numerous biological factors, including p73 [Spearman's correlation coefficient (r s )= 0.332, P= 0.007], lysyl oxidase (r s = 0.234, P= 0.043), Wrap53 (r s =-0.425, P=0.0002) and peroxisome proliferator-activated receptor δ (r s =-0.294, P=0.026). In conclusion, the present study demonstrated that nuclear FBI-1 was an independent prognostic factor in patients with RC and correlated with numerous biological factors, which indicated that it may have multiple roles in RC.
Introduction
Factor that binds to the inducer of short transcripts of the human immunodeficiency virus-1 (FBI-1) plays an important role in gene expression. FBI-1 is also known as leukemia/lymphoma-related factor or POK erythroid myeloid ontogenic factor (pokemon) (1) (2) (3) . FBI-1 is an essential regulator of genes, and previous studies have reported that FBI-1 is overexpressed in various types of cancer, including ovarian cancer, hepatocellular carcinoma (HCC), non-small-cell lung cancer, endometrial carcinoma, nasopharyngeal carcinoma, prostate cancer and breast cancer (4) (5) (6) (7) (8) (9) (10) (11) . Although most cancers exhibit FBI-1-overexpression, a previous study reported that FBI-1 is significantly downregulated in oral squamous cell carcinoma (12) , which indicates its complex role in tumorigenesis.
Previous studies have investigated the protein and mRNA expression of FBI-1 in small sample size populations of colorectal cancer (CRC; 46-66 CRC samples). The results demonstrated that FBI-1 is overexpressed in CRC tissues compared with normal mucosa and that FBI-1-silencing inhibits the proliferation, cell cycle and apoptosis of CRC cells (13, 14) . In addition, higher FBI-1 expression is associated with lymph node metastasis and higher Duke's stage (14) . Furthermore, a study reported that low-dose radiation under hypoxic conditions downregulates FBI-1 expression in rat pheochromocytoma PC12 cells (15) . Preoperative radiotherapy (RT) is recommended for patients with locally advanced RC and is associated with a decreased rate of local recurrence and an improved survival (16, 17) . Although numerous studies have reported that FBI-1 is an important gene regulator in CRC (13, 14) , the association of FBI-1 expression with the prognosis and RT of patients with RC require further investigation.
The present study used immunohistochemistry and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) to determine whether FBI-1 was associated with the response to RT, and with clinicopathological variables and biological factors, including p53, Wrap53, p73, peroxisome proliferator-activated receptor δ (PPARδ), lysyl oxidase (LOX) and Ki-67, in patients with RC.
Materials and methods
Patient samples. Samples were collected from a total of 139 patients who underwent RC resection planned between March 1987 and February 1990 and were recruited at the Swedish clinical trial (86151) of preoperative RT. Patients included 85 men and 54 women, with an age range of 36-85 years (mean, 66 years old). Patients were randomly assigned either to 1 week of preoperative RT followed by surgery within the next week (RT + surgery group), or surgery with no preoperative RT (surgery alone group).
RC tissues following resection were immediately fixed, paraffin-embedded and stored at 4˚C at the Linköping University until further use. These formalin-fixed paraffin-embedded sections were used for immunohistochemistry (IHC). IHC was also performed on 118 distant normal mucosa specimens taken from the resection margins, which were histologically free from tumor cells (105 normal mucosa samples had matched primary tumors from the same patient, whereas 13 samples did not have matched tumor samples). Amongst the 139 patients, 77 underwent surgery only and 62 received RT followed by tumor resection. RT was administered as 25 Gy in five fractions within a median of 7 days (range, 4-12 days). Surgery was then performed at a median of 3 days (range, 0-11 days) following RT. Information on tumor-node-metastasis (TNM) stage (American Joint Committee on Cancer staging manual, 4th edition) (18), differentiation, local and distant recurrence, disease-free survival (DFS) and overall survival (OS) was obtained from surgical and pathological hospital records. Tumor differentiation was graded as improved (including well-and moderately differentiated tumors) or poorer (including poor, mucinous and signet-ring cell tumors). The mean follow-up period was 100 months (range, 0-309 months). The characteristics of patients and tumors are presented in Table I. Additional samples were collected from another cohort of 55 patients with RC treated at the Linköping University hospital between April 1990 and February 2003. Patients were aged between 51-88 years old, comprising 35 men and 20 females, and had not received any treatment prior to RC resection. These samples were collected to detect FBI-1 mRNA expression. For each patient, samples from the primary tumor and corresponding normal mucosa were collected. All specimens were immediately flash-frozen in liquid nitrogen following RC resection and stored at -80˚C.
Expression of p53, Wrap53, p73, PPARδ, LOX and Ki-67 were examined by IHC on the normal mucosa and RC samples from the non-RT and RT groups, as previously described (19) (20) (21) (22) .
The present study was approved by the Medical Ethics Committee of Linköping University approval, and written informed consent was obtained from each patient.
IHC. FBI-1 IHC was performed on 5-µm paraffin-embedded tissue sections. Sections were incubated at 60˚C for 12 h prior to being deparaffinized in xylene and hydrated in descending concentrations of ethanol (99.5%, for 5 min twice; 95%, for 5 min; 70%, for 5 min) at room temperature. Sections were placed in Tris-EDTA buffer (pH, 9.0), heated to 125˚C for 30 sec and cooled down to 90˚C for 10 sec in a high-pressure cooker to allow antigen retrieval. Sections were then washed in PBS (pH 7.4). Endogenous peroxidase activity of the sections was blocked with 3% hydrogen peroxide dissolved in 99.9% methanol for 10 min at room temperature. Sections were washed three times with PBS. Blocking of non-specific interactions was then performed with 1.5% blocking serum (Dako; Agilent Technologies, Inc.) in PBS for 10 min at room temperature. Sections were incubated overnight at 4˚C with the primary antibody against FBI-1 (cat. no. ab70208; Abcam) diluted in antibody diluent (1:200; Dako; Agilent Technologies, Inc.). The sections were then incubated with a horseradish peroxidase-conjugated anti-rabbit secondary antibody (1:100; cat. no. P0397; Dako; Agilent Technologies, Inc.) for 45 min at 37˚C and stained with 3,3'-diaminobenzidine tetrahydrochloride (Dako; Agilent Technologies, Inc.) at room temperature for 5 min. The sections were eventually counterstained with haematoxylin. Immunoglobulin G1 (1:800; cat. no. SAB5500149; Sigma-Aldrich; Merck KGaA) was used as negative control.
Sections were examined with a light microscope (CX43; Olympus Corporation) at x400 magnification and scored independently by Dr Wang and Professor Zhang, who were double-blinded to the clinicopathological and biological data (including p53, Wrap53, p73, PPARδ, LOX and Ki-67 data). The nuclear staining intensity in epithelial or tumor cells was scored as negative, weak, moderate or strong staining, for <5, 5-24, 25-50 or >50% cells positively stained, respectively. The staining patterns were recorded as cytoplasmic or nuclear. Cases of scoring discrepancy were re-evaluated individually until the two investigators agreed on the scoring. The remaining cases were re-examined by the two investigators together using a dual-headed microscope in order to reach a consensus score. To avoid artifacts, areas with necrosis or poor morphology and sections margins were excluded.
RT-qPCR. The relative expression level of FBI-1 was determined by RT-qPCR in a 7900HT
Fast Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) and normalized to GAPDH. Primers and probes were included in the TaqMan™ ® Gene Expression assays for FBI-1 (Hs00252415_s1) and GAPDH (4352934E; both Applied Biosystems; Thermo Fisher Scientific, Inc.).
According to the manufacturer's instructions, total RNA of RC and the corresponding normal mucosa samples was extracted using the TRIzol reagent (Sigma-Aldrich; Merck KGaA) and RNeasy extraction kit (Qiagen, Inc.). The concentration, purity, and integrity of RNA were measured by NanoDrop (Thermo Fisher Scientific, Inc.) and Bioanalyzer Agilent (Agilent Technologies, Inc.). RT was conducted according to the manufacturer's protocol of the High Capacity cDNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). The relative expression levels of FBI-1 were determined by RT-qPCR and normalized to GAPDH. The PCR mix included 1 µl RT product, 7.5 µl TaqMan Fast Universal PCR Master mix (2X No AmpErase UNG), 0.75 µl 2X TaqMan gene Assay and 5.75 µl nuclease-free water. The reactions were incubated in a 96-well plate at 95˚C for 20 sec, followed by 40 circles of 95˚C for 3 sec and 60˚C for 30 sec. In addition, double-distilled H 2 O was analyzed as the no-template control for every plate. All reactions, including the no-template control, were performed in triplicates. The relative expression level of FBI-1 was calculated using the 2 -ΔΔCq method (23) .
Statistical analysis. The values for FBI-1 mRNA level were transformed to log 2 values and data were normally distributed. The data are expressed as the mean ± standard deviation of at least three independent experiments. Paired t-test or McNemar's test were used to determine the differences in FBI-1 mRNA or protein level between normal mucosa and primary RC respectively. χ2 test was used to analyze unpaired data, and to determine the association between FBI-1 protein level in primary RC and clinicopathological variables. Spearman's correlation test was used to analyze the correlations between the protein expression of FBI-1 and other molecular markers, including p53, Wrap53, p73, PPARδ, LOX and Ki-67, from previous studies performed on the same samples (19) (20) (21) (22) . Cox's proportional hazard model was used to determine the association between FBI-1 protein expression and patient survival. The Kaplan-Meier method was used to generate survival curves. All statistical analyses were carried out by using STATISTICA software package (version 7.0; StatSoft, Inc.). P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of FBI-1 in normal mucosa and RC samples in non-RT and RT groups.
FBI-1 protein expression was detected in the cytoplasm and nucleus of normal mucosa and primary cancer cells (Fig. 1 ). The intensity in epithelial cells or tumor cells was scored as negative, weak (light yellow), moderate (yellow brown) and strong staining (brown). The negative control showed no staining ( Fig. 1A) . Moderate cytoplasmic and strong nuclear staining of FBI-1 was observed in normal mucosa ( Fig. 1B ) and primary tumor (Fig. 1C ). Strong cytoplasmic staining of FBI-1 was observed in the primary 
Non-radiotherapy
Radiotherapy tumor (Fig. 1D ). Subsequently, samples were separated into subgroups based on the expression level of FBI-1, including low-expression (negative and weak staining intensity) and high-expression (moderate and strong staining intensities). Cytoplasmic staining of FBI-1 in RC samples was significantly upregulated in the non-RT and RT groups (17.7 vs. 74.0%; 41.1 vs. 69.4%; Fig. 2A ) compared with the corresponding normal mucosa. However, nuclear staining of FBI-1 was significantly downregulated in the non-RT and RT groups of RC samples (75.8 vs. 22.1 and 83.9 vs. 35.5%, respectively; Fig. 2B ) compared with the corresponding normal mucosa. Furthermore, RT resulted in markedly increased FBI-1 expression in the cytoplasm of normal mucosa compared with non-RT (41.1 vs. 17.7%, respectively; P=0.005; Fig. 2A ), but not in the nucleus (83.9 vs. 75.8%, respectively; P=0.278; Fig. 2B ). In addition, cytoplasmic and nuclear staining of FBI-1 in RC cells were similar between the non-RT and RT groups (cytoplasmic, 74.0 vs. 69.4%; P= 0.542; Fig. 2A ; nuclear, 22.1 vs. 35.5%; P= 0.080; Fig. 2B ). The non-RT and RT groups were therefore combined for further analyses.
In the additional cohort of 55 patients with RC, FBI-1 mRNA expression was significantly upregulated in RC tissues (2.491±0.257 vs. 1.325±0.270; P<0.0001; Fig. 3 ) compared with the corresponding normal mucosa.
Association between nuclear FBI-1 expression and clinicopathological characteristics.
The present study analyzed the association between cytoplasmic and nuclear FBI-1 expression and clinicopathological characteristics, including sex, age, RC stage, differentiation, growth pattern and local and distant recurrence. As presented in Table II , the high expression of nuclear FBI-1 was significantly higher in patients with stage III+IV RC compared with patients with stage I+II RC (41.0 vs. 17.9%, respectively; P= 0.003). Furthermore, nuclear FBI-1 expression in patients with distant recurrence exhibited a higher positive staining compared with patients without distant recurrence (39.7 vs. 19.8%, respectively; P= 0.010). In addition, FBI-1 expression exhibited a trend for higher expression in patients with RC and invasive growth pattern, compared with patients with RC and expanding growth pattern (37.8 vs. 22%, respectively; P=0.070). Nuclear FBI-1 expression was not associated with other characteristics analyzed in the present study, including sex, age, differentiation and local recurrence.
Cytoplasmic FBI-1 expression and FBI-1 mRNA expression were also compared to the clinicopathological characteristics; however, no significant association was observed (data not shown).
Nuclear FBI-1 expression as a prognostic factor in primary cancer. Among the 139 patients with RC included in the present study, 37, 41, 52 and 9 had stage I, II, III and IV RC, respectively. The present study conducted a survival analysis that only included patients with stage I, II and III RC, due to the poor survival of patients with stage IV RC. The results demonstrated that, in patients with stage I, II or III RC, upregulated nuclear FBI-1 expression in RC samples correlated with poorer DFS and OS times (P=0.017 and P=0.029, respectively; Fig. 4A and B) .
A subgroup analysis in patients with TNM stages I, II or III RC was also performed. In patients with stage I RC, high nuclear FBI-1 expression was significantly associated with poorer DFS time (P= 0.013; Fig. 4C ); however, no significance was observed following analysis of high nuclear FBI-1 and OS time (Fig. 4D ). This could be due to the low positive rate and small sample size, since only 5 samples presented high nuclear FBI-1 staining in this subgroup of patients. In patients with stage II RC, high nuclear FBI-1 expression was associated with poor DFS time (P=0.268; Fig. 4E ) and OS time (P=0.300; Fig. 4F ); however the differences were not significant. In patients with stage III RC, high nuclear FBI-1 expression was significantly associated with poor DFS time (P=0.005; Fig. 4G ) and OS time (P= 0.036; Fig. 4H ). However, cytoplasmic FBI-1 expression was not associated with DFS and OS times (P=0.645 and P=0.982, respectively; data not shown).
Following multivariable analysis, the significance remained following adjusting for sex, age, growth pattern, Table III ].
Nuclear expression
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Correlation between nuclear FBI-1 and biological variables.
The present study analyzed the correlation between the expression of nuclear FBI-1 expression and of biological factors, including p53, Wrap53, p73, PPARδ, LOX and Ki-67, which were previously investigated in the same patient cohort (19) (20) (21) (22) . In the non-RT group, FBI-1 nuclear expression was positively correlated with the expression of p73 [Spearman's correlation coefficient (r s )= 0.332] and LOX (r s = 0.234), but negatively correlated with Wrap53 expression (r s =-0.425) (Table IV) .
In the RT group, FBI-1 nuclear expression was negatively correlated with PPARδ expression (r s =-0.294; Table IV ). FBI-1 nuclear expression was neither correlated with Ki-67 or p53 expression in the non-RT and RT groups (Table IV) .
Discussion
The present study investigated FBI-1 expression in patients with RC who underwent or not preoperative RT, and Table III . Multivariate analysis of the association between nuclear FBI-1 expression and survival of patient with rectal cancer. The total number of cases was 111, and variations in numbers are due to incomplete data. CI, confidence interval; GP, growth pattern; HR, hazard ratio. determined its association with patients' clinicopathological variables and biological factors. The results demonstrated that, compared with normal mucosa, FBI-1 was expressed in the cytoplasm and nucleus of RC samples, and that cytoplasmic FBI-1 expression was upregulated in RC samples from the non-RT and RT groups; however, nuclear staining was downregulated in these two groups. RT may therefore have no effect on FBI-1 expression. Furthermore, nuclear FBI-1 was positively associated with TNM stage (P=0.003) and distance recurrence (P= 0.010). In patients with stage I, II or III RC, increased nuclear FBI-1 expression was associated with poorer DFS and OS times independent of sex, age, growth pattern, differentiation and RT. With regards to the localization of FBI-1 protein in CRC, the results are contradictory. A previous study reported that FBI-1 is mainly expressed in the nucleus of colon cancer cells (24) ; however, other studies demonstrated that FBI-1 is predominantly expressed in the cytoplasm and partly in the nucleus of CRC cells (13, 14) . The results from the present study provided further evidence that FBI-1 protein was localized in the cytoplasm and the nucleus of RC cells. This was also observed in other types of cancer, including HCC where FBI-1 is mostly expressed in the cytoplasm and rarely in the nucleus (25) . The present study analyzed cytoplasmic and nuclear FBI-1 staining separately, and reported that, compared with normal mucosa, the expression of cytoplasmic FBI-1 and FBI-1 mRNA were upregulated, whereas nuclear FBI-1 expression was downregulated in RC cells. A possible reason for this discrepancy may be the sample investigated, since all samples from the present study were RC samples; however previous studies have included rectal and colon cancer samples. Increasing evidence reported that RC possesses numerous molecular markers and some characteristics of colon cancer (26, 27) . Another possible reason may be the aberrant transport process of FBI-1 protein from the cytoplasm to the nucleus, which requires further investigation.
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The results from the present study demonstrated that preoperative RT had no effect on FBI-1 expression in RC. The non-RT and RT groups were therefore combined in the further analyses. FBI-1 nuclear staining was positively associated with TNM stage and distant recurrence. Furthermore, patients with stage III and IV RC exhibited higher FBI-1 expression compared with patients with stage I and II RC, and patients with distant recurrence exhibited higher FBI-1 expression compared with those without distant recurrence (Table II) . These results were in accordance with a previous study reporting that FBI-1 expression is positively associated with Dukes' stage in CRC (14) . Although FBI-1 expression could be used as a prognostic biomarker in HCC and lung cancer (5, 6) , no studies reported its prognostic significance in RC. To the best of our knowledge, the present study is the first to demonstrate that nuclear FBI-1 expression may serve as a prognostic factor in patients with RC, in particular in patients with stage III RC.
As one of the most important oncogene regulators, FBI-1 has been implicated in numerous signaling pathways, including the ARF-MDM2-p53 (28), phosphoinositide 3-kinase/Akt signaling (29) , Smad4 and TGF-β (30) , and myocyte enhancer factor 2D pathways (31) . However, the pathway associated with FBI-1 in RC remains unclear. Zhao et al (14) reported that FBI-1 and p14ARF or p53 are not correlated, and that FBI-1-knockdown in the colon cancer LoVo cell line did not affect p14ARF expression, which demonstrated that FBI-1 functions independently of the p14ARF-MDM2-p53 pathway. In the present study, no correlation was observed between FBI-1 and p53 expression, which further suggested that FBI-1 may exert its activity independently of the p14ARF-MDM2-p53 pathway. Of note, a negative correlation between FBI-1 and Wrap53 was reported, combined with a positive correlation between p73 and LOX in the non-RT group and a positive correlation with PPARδ in the RT group. These results suggested that FBI-1 may regulate multiple genes and therefore affect RC development and progression. The underlying mechanisms of this pathway require further investigation.
Although the present study provided evidence that FBI-1 may participate in RC, there were a few limitations. Firstly, FBI-1 expression with or without preoperative RT should also be determined in RC cell lines. Secondly, the molecular mechanism underlying the role of FBI-1 in RC requires further examination. Further investigation using an RC cell line and animal model experiments is therefore required in order to explore the FBI-1 signaling network in RC.
In conclusion, the present study demonstrated that FBI-1 was highly expressed in RC samples and that nuclear FBI-1 may be an independent prognostic factor in patients with RC. Since FBI-1 was positively correlated with several biological factors, its role in RC may be complex.
